ADDITIONAL INDEX WORDS. native plants, endangered species, population structure, within-population diversity, among-population diversity, phenogram ABSTRACT. Despite the ecologic and ornamental potential of southeastern U.S. native Spigelia, little is known about the intraspecific or the interpopulation genetic variation. The southeastern U.S. native Spigelia habitat is becoming more and more fragmented as a result of human activity, making it imperative to gain an understanding of natural genetic variation among and within species and populations for the purpose of obtaining variability for plant breeding and preserve the genetic variability in Spigelia. Therefore, the objective of this study was to use amplified fragment length polymorphism analysis to determine interspecific and intraspecific genetic variation and to evaluate gene flow. Thirteen populations of two species of native Spigelia, S. marilandica (SM), S. gentianoides var. gentianoides (SGG), and S. gentianoides var. alabamensis (SGA), were analyzed using four primer pairs that amplified a total of 269 bands. Based on analysis of molecular variance and estimates of Nei's coefficients of gene diversity (percentage of polymorphic loci, average genetic diversity within populations, average genetic diversity within species, and proportion of species genetic diversity attributed to among population variation), the majority of variation found in Spigelia occurs within populations. Both among-species and among-population variation was low, likely the effect of common ancestry as well as relatively frequent introgression among individuals (and populations) of Spigelia. When all individuals were evaluated using Nei's unbiased genetic distances and viewed as a unweighted pair group method with arithmetic mean phenogram, three main groups were shown, one with two samples of SGG from one population, one with 13 individuals from both SGG populations used in this study, and one with all of the SM, SGA, and remaining SGG individuals. Further evaluation using STRUCTURE software showed introgression between populations and species, although all allele clusters have not entirely introgressed into all populations. The significance of these results is discussed in relation to breeding in Spigelia.
Spigelia (Loganiaceae) is a genus of 50 species that ranges from the southeastern United States to Central America and south to temperate areas of South America. Only five species are considered endemic to the United States and two of these are indigenous to the southeastern United States: S. marilandica and the federally endangered Spigelia gentianoides (Gould, 1997) . To aid recovery of S. gentianoides, research on the genetic variability of the natural populations of this species has been encouraged (Negron-Ortiz, 2012) . Furthermore, these species are of interest to plant breeders as a result of their ornamental potential. Therefore, for purposes of obtaining variability for plant breeding and to preserve the genetic variability in Spigelia, evaluation of the genetic variability within and among the species is essential. Observation of physical traits of Spigelia species has shown morphological variation among species, populations within a species, and between plants of the same population. Although these morphological differences have been observed, the degree of genetic difference in these two species has yet to be determined.
Spigelia gentianoides (SG) is an upright, perennial herbaceous species that has two disjunct botanical varieties, and both are considered endangered (Gould, 1997) . Threats to this species include loss or alteration of habitat, lack of natural disturbance regimes, unprotected populations on private lands, and competition from invasive species (Negron-Ortiz, 2012) . Spigelia gentianoides var. alabamensis has pink corollas from 36 to 50 mm long and their lobes reflex (open) at anthesis. Flowering occurs from May to June. This botanical variety is endemic to 17 glades that have developed over an ancient rock formation known as Ketona Dolomite in Bibb County, AL (Negron-Ortiz, 2012) . The glades vary in size from 0.1 to 5 ha. Spigelia gentianoides var. gentianoides has pink flowers that are barely opening and not reflexed at anthesis (Table 1) . Flowering is from May to July. SGA differs from SGG in that it has longer corollas with broader throats, longer lobes as well as longer sepals (Table 1) (Gould, 1997) . SGG is restricted to five locations within three counties in the Florida Panhandle and southeastern Alabama.
Gould labeled SGA as a botanical variety as opposed to a species designation (1997) despite listing numerous and distinct trait differences between the two botanical varieties. Subsequent assessment of SG and its two botanical varieties suggests that the two SG botanical varieties warrant specific rank (Weakley et al., 2011) , although additional molecular and morphological studies were suggested.
Spigelia marilandica is an upright perennial herbaceous plant growing from 30 to 60 cm high. Corollas are bright red outside and yellow to greenish yellow inside (Table 1) . In Kentucky, the flowering period starts in late May through June; occasionally scattered blooms will occur in the fall (Dunwell, 2003) . It is thought to be pollinated by ruby-throated hummingbird [Archilochus colubris (Cullina, 2000) ] as well as by insects (Affolter, 2005; Rogers, 1988) . Distribution is from eastern South Carolina to north-central and northwestern Florida, westward to southeastern Oklahoma and far eastern Texas, and north to Kentucky (Duncan and Duncan, 2005; Gould, 1997) .
Limited research has been conducted to determine genetic diversity in Spigelia. Gould (1997) used internal transcribed spacer (ITS) sequencing to assess relationships of 14 species of Spigelia, whereas Affolter (2005) used allozymes to evaluate genetic variability in both botanical varieties of SG as well as in SM.
A technique that is especially useful to assess genetic diversity within and among species when no sequence information is available, as is the case in Spigelia, is amplified fragment length polymorphism (AFLP) analysis. AFLP technology has been used to characterize genetic diversity within many genera of plants including horticultural crops such as Chrysanthemum sp. (Zhang et al., 2010) , sweetpotato [Ipomoea batatas (Cervantes-Flores et al., 2008) ], pecan [Carya illinoinensis (Beedanagari et al., 2005) ], Rhododendron sp. (Chappell et al., 2008) , barberry [Berberis thunbergii (Lubell et al., 2009)] , and Lactuca sp. (Koopman et al., 2001) . AFLP markers have a very high diversity index (a measure of evaluation efficiency that combines the effective number of alleles identified per locus and the number of polymorphic bands in each assay) (Philips and Vasil, 2001; Russell et al., 1997) and is therefore appropriate for use in the evaluation of genetic variability in Spigelia. We used AFLP technology to determine genetic differences within and among populations of two Spigelia species indigenous to the southeastern United States.
Materials and Methods
PLANT MATERIAL. Ten wild populations of SM, one of SGA, and two of SGG were used in genetic analysis (Table  2 ; Fig. 1 ). Before collection of plant material, the area was surveyed to define the population area. Plants were collected evenly throughout the population and locations of individual plants collected in each population were recorded using global positioning system coordinates. The populations' size ranged from 14 to 800 and the number of plants evaluated per population ranged from 4 to 11 (Table 2) . Approximately 100 mg of immature leaves of each sample were collected onsite, placed on ice in a cooler, and transported to the laboratory for immediate extraction of DNA.
DNA EXTRACTION PROTOCOL AND QUANTIFICATION. DNA extraction was carried out using the E.Z.N.A. plant DNA kit (Omega Bio-Tek, Norcross, GA) with slight modifications including the addition of 26 mL b-mercaptoethanol to Step 1, an increase of the incubation time at 65°C for 30 min in Step 2, the use of isopropanol stored at -20°C in Step 4, and the use of 0.9 mL carrier RNA in the initial column step. DNA was tested for quantity and quality (shearing) using a standard agarose gel with the Low DNA Mass Ladder (Invitrogen TM , Carlsbad, CA). Subsequently, genomic DNA was stored at 4°C until AFLP analysis was performed. AFLP PROCEDURE. Generation of restriction fragments was accomplished using two restriction endonucleases, EcoRI and MseI, to fragment the genome, following the protocol described by Vos et al. (1995) . Restriction-digestion, ligation, and preselective amplification of genomic DNA were carried out using the IRDye Ò AFLP Template Preparation Kit (LI-COR Biosciences, Lincoln, NE). All polymerase chain reactions (PCRs) were carried out in a PCR system (Model 9600 Thermal Cycler Ò ; PerkinElmer, Waltham, MA). Thirty-two primer combinations containing both 700 and 800 wavelength IRDye Ò labeled EcoRI selective primers were screened on four individuals, two samples from separate SM populations, one sample from a SGG population, and one sample from a SGA population. After initial screening of the four samples, nine primer combinations were selected on the basis of number of polymorphic bands visualized on a gel. These were used to screen nine samples: five from separate SM populations, two from the same SGG population, one from a separate SGG population, and one from a SGA population. This screening of nine primer combinations included the same four samples from the initial screening. Based on the number of polymorphic bands and their repeatability on these nine samples, four primer pairs were selected for this study: MseI-CTC/EcoRI-ACC, MseI-CTC/EcoRI-ACG, MseI-CTT/EcoRI-ACT, and MseI-CTG/EcoRI-ACG. Selective amplification was carried out on all individuals with each of the four selected primer pairs. In a 1.5-mL microcentrifuge tube (Fisher Scientific, Waltham, MA), the following was combined: 2.15 mL sterile deionized water, 2.0 mL MgCl2 (Promega, Madison, WI), 0.05 mL GOTaq Ò DNA polymerase (Promega), 2 mL 5· GOTaq buffer (Promega), 0.8 mL 100 mM dNTP (Promega), 0.5 mL MseI primer, and 0.5 mL EcoRI primer. In each well of a 96-well PCR plate (Fisherbrand; Fisher Scientific), 8 mL of the aforementioned mix was combined with 4 mL of template DNA from the preselective amplification stage. PCR conditions for selective amplification were set based on the LI-COR Biosciences AFLP protocol. After completion of the selective amplification PCR program, 5 mL of Blue Stop Solution Ò (LI-COR Biosciences) was added to each well and samples denatured at 94°C for 4 min. Samples were then cooled to 4°C using the thermocycler.
Gels were cast using LI-COR Biosciences 25-cm glass plates with 0.25-mm spacers. Twenty milliliters of 6.5% KB Plus acrylamide gel solution was combined with 150 mL APS (Fisher Scientific) and 15 mL TEMED (Fisher Scientific). DNA was loaded at a volume of 0.5 mL per well. Each gel included individuals representing both species in this study. Each gel also included three standards, four test samples, and one blank lane to enable efficient and reliable gel comparison in the within symbols indicate assigned population numbers described in Table 2. scoring process. The first standard to be used was a 50:50 mixture of LI-COR Biosciences IRDye700 Ò and IRDye800
Ò 50-to 700-bp size standards placed on the outside two lanes of each gel and in the middle. The second standard was four test samples representing two populations of SM, one population of SGG, and one from a SGA population placed in the same locations in each gel. Extraction and analysis was repeated in 10% of the individuals to ensure repeatability of banding patterns. Gels were run on a LI-COR Biosciences Model 4300S DNA Analysis System using the SagaLite Ò software package (LI-COR Biosciences) with the laser focus adjusted on a run-by-run basis to optimize performance. Run length was set to 4.5 h with KBplus standard electrophoresis conditions. Standard power and temperature settings were used with the exception of voltage that was reduced to 1000 to allow for low-bp band separation. Gel images produced by SagaLite Ò were graphically adjusted within the program and exported to GelBuddy (Zerr and Henikoff, 2005) . Image files were then exported to Photoshop Ò CS2 (Adobe Systems, San Jose, CA) and all gel images from a single primer pair merged into a single graphics file. Individual gel images were aligned using two standards: the LI-COR Biosciences IRDye Ò 50-to 700-bp size standard and four test samples. The resulting single graphics file was used in the scoring of gels.
DATA ANALYSIS. Bands were manually scored in binary format as present (1) or absent (0) and values were recorded in Excel (Microsoft, Redmond, WA). PopGene Version 1.32 (Yeh et al., 1997 ) was used to calculate Nei's genetic diversity (Nei, 1987) and percentage of polymorphic loci. Settings for analysis included a significance level of P # 0.05, three groups (one for each species and botanical variety) when comparing species and botanical varieties, 13 groups (one for each population) when evaluating all populations, and 10,000 simulations. A matrix of Nei's unbiased genetic distances (Nei, 1978) was calculated with PopGene Version 1.32 using all markers and used to construct an unrooted unweighted pair group method with arithmetic mean (UPGMA) phenogram with PHYLIP Version 3.69 software (Felsenstein, 2009) . Within PHYLIP, the programs used were seqboot for bootstrap analysis, restdist, and neighbor to create 1000 UPGMA phenograms, and consense to create one single UPGMA consensus tree using the majority rule function of the 1000 trees created in neighbor. TreeView 1.6.6 (Page, 1996) was used to view phenograms. Bootstrap support of less than 50% for nodes was considered collapsed in the phenogram and colored red. Analysis of molecular variance (AMOVA) was calculated among species using Arlequin Version 3.5.1.3 (Excoffier and Lischer, 2010) to determine the hierarchical partitioning of genetic variability among all species, populations within a single species, and within each population. Population structure was evaluated using STRUCTURE software Version 2.3.2.1 (Falush et al., 2003; Pritchard et al., 2000) . This method uses a Markov Chain Monte Carlo algorithm to cluster individuals into populations on the basis of multilocus genotype data. Parameters of STRUCTURE were set to use the admixture model and correlated alleles frequencies model as is recommended in cases of subtle population structure (Falush et al., 2003) . The degree of admixture (alpha) was inferred from the data. The number of population clusters (K) was estimated by performing 10 independent runs for each K (from 1 to 15). Each run was performed using 5000 replicates for burn-in and 5000 during the analysis. The highest likelihood was used to select K after 10 runs at each K. On this basis, K = 6 in this study. Ten independent runs were performed at K = 6 to assess convergence of the data to verify that estimates were consistent across runs (J.K. Pritchard, personal communication).
Results and Discussion
LEVEL OF POLYMORPHISM. AFLPs among and within populations of each species were analyzed to determine the genetic differences. The same AFLP data set obtained in the analysis of among species differences was used to evaluate among-population differences and within-population differences. The ability to use the same data set for multiple analyses is facilitated by scoring each individual plant separately. Four AFLP primer combinations amplified a total of 269 scorable bands. The average repeatability of AFLP fragments across two replications was 97.9% (data not shown). The numbers of amplified bands used per primer pair are as follows: MseI-CTC/EcoRI-ACC amplified 60 bands, MseI-CTC/EcoRI-ACG amplified 50 bands, MseI-CTG/EcoRI-ACG amplified 66 bands, and MseI-CTT/ EcoRI-ACT amplified 93 bands.
The percentage of polymorphic loci across all species was 97.8% (Table 3) . This is similar to that observed in azalea (Rhododendron sp. section Pentanthera), where the percentage of polymorphic loci across seven species was 89.7% (Chappell et al., 2008) . Within species, polymorphic band percentages ranged from 59.1% in SGG to 88.8% in SM. The high degree of polymorphism is attributable primarily to SM; however, although combined values for both SG botanical varieties were 30% lower than SM, the polymorphisms found were still moderate in this species. When evaluated by individual populations, the polymorphic loci percentage ranged from 35.3% in population 4 to 55.8% in population 1, both SM populations (Table 2 ). Individual populations of SGG had 42.8% and 47.7% polymorphic loci in populations 13 and 12, respectively. The percentage of polymorphic loci found within population 11 (SGA) was 50.2%. There was no relationship between population size and polymorphic loci present in individual populations. In azalea, polymorphic band percentages within species ranged from 86.8% to 91.8% (Chappell et al., 2008) . The high degree of polymorphism in azalea is not the result of a single species, but rather polymorphic loci are spread evenly across all species and individual populations.
DIVERSITY WITHIN AND AMONG SPECIES. Actual level of diversity and how diversity is proportioned among species and populations were measured. AMOVA and G ST values (Falk et al., 2001) . Genetic diversity within species (H T ) was low, ranging from 0.17 in SGG to 0.19 when both SG botanical varieties' data were combined (Table 3) . Because SM grows throughout a large area of the southeastern United States, it was expected that SM would have greater genetic variability than SGG and SGA, because they grow in very narrow geographic areas. However, each species/botanical variety occupies a fairly narrow ecological niche. Typically SM grows in calcareous wooded areas rich in organic matter, whereas SGG grows in the sandy loam of upland oak-pine woods of north-central Florida that are typically moist yet well drained. SGA occurs in an area of dolomitic limestone in Bibb County, AL. The narrow range of ecological niches within species may explain low withinspecies diversity estimates. Population genetic theory predicts that less variable environments will result in a more narrow range of genetic variation within species (Chesson, 1985; Cohen, 1966; Tilman, 1999; Tuljapurkar, 1989) . Deciduous azaleas are distributed throughout the southeastern United States in more diverse environments than are SM, SGA, and SGG. H T values for within the seven species of azalea ranged from 0.34 to 0.41, indicating a greater amount of diversity in these species (Chappell et al., 2008) . AMOVA results (Table 4 ) indicated that most of the variation was found within species/botanical variety (84.7%) rather than among species/botanical variety (15.3%). This low variability contrasts with the considerable phenotypic differences between SM and SG (Table 1) . Similar results were found by Affolter (2005) using allozymes to compare genetic variability between an ex situ population of SGG at Bok Tower Gardens (Lake Wales, FL) to natural populations of SGA from the Alabama Ketona glades. On the basis of the loci studied, the Bok Tower sample was composed of a relatively narrow subset of the genetic variation observed in the SGA populations (Affolter, 2005) . According to ITS sequence data, SG is the sister species of SM, which overlaps its range in northern Florida (Gould, 1997) . The ITS region is known to be informative at the interspecific level in many groups of angiosperms (Baldwin et al., 1995; Kim and Jansen, 1994) . The agreement between ITS data and AFLP data from this study indicates that members of Spigelia species used in this study are highly related and possibly derived from a common ancestor. Further research such as chloroplast DNA studies in addition to previous research conducted on three other southeastern U.S. native Spigelia species (S. texana, S. loganioides, and S. hedyotidea) (Gould and Jansen, 1999) is needed to conclusively determine the ancestry of SM and SG.
DIVERSITY WITHIN AND AMONG POPULATIONS. The average genetic diversity as measured by H S was low within species, ranging from 0.14 in SM to 0.156 in SG (Table 3) . These findings deviated from the expectation that diversity within populations of SG would be lower than in SM as a result of the comparatively narrower geographic area inhabited by SG. The proportion of species genetic diversity attributed to amongpopulation variation overall species and loci as measured by G ST (G ST = 1-H S /H T ) was 0.23 and among populations within each species ranged from 0.12 in SGG to 0.20 in SM (Table 3 ). The relatively low overall G ST indicates that a low proportion of diversity is observed among populations as opposed to a high level of diversity observed within populations using AMOVA (80.6%) (Table 4) . Low G ST values also indicate a high level of gene flow among populations, which tends to homogenize a species' genetic structure. SM, SGA, and SGG are pollinated by insects, including bees, moths, butterflies, ants, and beetles as well as hummingbirds (Affolter, 2005; Cullina, 2000; Rogers, 1988) . Similar results have been observed in other outcrossing species. Shrestha et al. (2005) evaluated AFLP markers in nine populations of Tectona. Their AMOVA results showed that 57% of the total genetic variance occurred within populations, and 43% occurred between populations. In the outcrossing species hardinggrass (Phalaris aquatica), Mian et al. (2005) evaluated genetic diversity of 22 populations and found that variance within populations accounted for 74.1% of the total genetic diversity. AFLP studies of 15 populations of wild banana (Musa balbisiana) revealed that 72.9% of the variation was the result of within-population diversity (Wang et al., 2007) . Similar results were found among populations of deciduous azalea; 71% of the diversity was within the populations (Chappell et al., 2008) .
Insect pollination leads to populations with a high level of genetic variation, whereas individuals within the population share a similar complement of alleles in similar frequencies (Falk et al., 2001; Hamrick and Godt, 1996) . The relatively low G ST value combined with low proportion of variation among populations from AMOVA further indicates that individuals within populations are likely to be genetically distinct; however, each population contains a similar complement of alleles in similar frequencies. These results suggest that plant breeders seeking increased genetic diversity for their program may not obtain substantially different alleles from geographically isolated populations.
EVIDENCE OF INTROGRESSION BASED ON GENETIC DISTANCE COMPARISONS. Nei's unbiased genetic distances (Nei, 1978) among populations within species were similar to among species (Table 5 ), indicating that all populations evaluated are highly related and likely the result of high levels of gene flow. We used AFLP marker technology that provides markers without the need of sequencing. However, as a result of its anonymous character, it cannot be unambiguously determined if the presence or absence of a band shows orthologous fragments of different genotypes. Although this approach has been used to provide a good estimate of genetic distance successfully (Chappell et al., 2008; Coulibaly et al., 2002; Wang et al., 2005) , it cannot be excluded that closer or more distant relationships are caused by size homoplasy. Genetic distances were very low for all populations compared. Values ranged from 0.02 when comparing population 1 with population 3 (SM populations) to 0.10 when comparing population 9 with population 12 (SM and SGA populations). When genetic distances were visualized as a UPGMA phenogram (Fig. 2) , three groups were shown. Two individuals of population 12 (SGG) were placed within a group (hereafter, Group 1) at the base of the tree 100% of the time. Thirteen individuals from both populations 12 and 13 (SGG) were separated (hereafter, Group 2) from all of the SM and SGA samples as well as from six of the other SGG samples (hereafter, Group 3) with 91.8% confidence. Nodes with bootstrap values below 50% were collapsed and yielded polytomies (Perea et al., 2010) . Bootstrap values of the nodes directly after the separation of Group 2 and Group 3 were 32.2% and 19.7%, respectively. These nodes, therefore, were collapsed and colored red indicating unresolved branches. These data suggest high levels of interspecific gene flow; however, many of the external branches have high levels of branch support. For example, although the node following Group 3 had only 32.2% bootstrap support, six individuals from population 12 were clustered together with 92.3% confidence. High levels of bootstrap values were found on some of the outermost branches of the tree (all of the following values are separate locations within the tree) including two individuals from population 4 (91.0%), two samples of population 8 (75.4%), three samples of population 2 (73.6%), and two samples of population 3 (98.9%). Although much of SGG makes up two separate groups, there are six SGG samples within Group 3, where all of the SM and SGA samples are located, indicating the occurrence of gene flow among all botanical varieties. However, SGG individuals appear to be diverging from SGA and SM.
POPULATION STRUCTURE ANALYSIS. Further illustration of gene flow among these populations is shown in Figure 3 from STRUCTURE analysis. Six clusters (K) were chosen for analysis of individuals on the basis of highest likelihood values and convergence of alpha. These values show individual allelic contributions similar to that in PHYLIP, whereas previous PopGene analyses depict variability levels in accordance to populations as a whole.
Cluster 1 contained samples from populations 5, 8, and 10. Within this cluster, two samples contained 4% and 13% of their alleles from cluster 6. Both of these samples are from population 10 (SM) located in Wakulla Springs in the Florida Panhandle (Fig. 1) . Cluster 6 contains only SGG samples from the Florida Panhandle and southeastern Alabama. These data suggest introgression from SGG populations into samples from population 10. Additionally, cluster 1 also contains alleles from clusters 2, 3, 4, and 5.
Cluster 2 contained samples from populations 1, 3, 4, 5, 6, 7, 8, 9, 11, 12, and 13 , which further indicates gene flow among all botanical varieties used in this study. This cluster additionally contained alleles from clusters 1, 3, 4, 5, and 6.
Cluster 3 contained samples from populations 2 and 7 (SM populations) indicating particularly high levels of gene flow between those two populations. This cluster additionally contained alleles from clusters 1, 2, 4, 5, and 6.
Cluster 4 contained samples from populations 1, 3, 5, 7, 8, 11, and 12 . Eight of 10 samples of population 11 (SGA) were placed in this cluster, all but one of which contained greater than 81.5% of its alleles from cluster 4. The other sample contained 62.7%. None of the SGA samples contained any alleles from cluster 6, a cluster that contains only SGG samples (populations 12 and 13). Furthermore, only one individual from population 12 and no individuals from population 13 were found in this cluster. This supports taxonomic separation of SGA from SGG. Samples from populations 1, 3, and 8 (SM populations) had an allelic distribution similar to many of the samples from population 11 (SGA), indicating that gene flow among these populations is exceptionally high. This cluster additionally contained alleles from clusters 1, 2, 3, 5, and 12.
Cluster 5 contained samples from populations 1, 3, 5, 6, 7, 9, 10, and 11. This cluster additionally contained alleles from clusters 1, 2, 3, 4, and 6. It should be noted that, although cluster 6 was represented, only one sample from the aforementioned (Nei, 1978) below diagonal and geographic distance (kilometers) above diagonal for Spigelia marilandica (SM), S. gentianoides var. alabamensis (SGA), and S. gentianoides var. Cluster 6 contained samples from populations 12 and 13, both SGG populations. No samples from SM or SGA were located in this cluster, indicating the unique alleles of SGG. These data provide support for taxonomic separation of SGG from SGA and SM (Weakley et al., 2011) . Nine of 15 samples in this cluster had greater than 89.8% of allelic contribution from cluster 6. The other individuals ranged from 40% to 72% allelic contribution from cluster 6.
In summary, AFLP markers exhibited a high level of efficiency in detecting genetic variation within Spigelia. Although AFLP analysis evaluates multilocus fragments, the sequences and locations of genes responsible for such distinctive phenotypic differences among these species as flower color, flower number, or leaf shape in Spigelia are not yet known. The results of this study indicate that members of Spigelia species, SM and SG, are genetically similar both among and within species, despite occupying differing ecological environments. Assessing the actual (not proportional) variation of individual species demonstrates that within-population and among-population variation is relatively low. The proportion of variation among species and among populations of each species is also low with the greatest proportion of genetic variation residing within individual populations. Therefore, for purposes of obtaining variability for plant breeding or to preserve the genetic variability in Spigelia, collection or preservation of plant material from multiple geographically dispersed populations may not be critical. However, population structure analysis revealed that all allele clusters have not entirely introgressed into all populations, and some populations have more allelic diversity than others such that breeding success in Spigelia may be impacted by individual collections. Evaluation of population structure revealed subtle population differences and delineated how gene flow occurs through the populations. Some samples in this study were shown to be almost entirely composed of alleles from specific clusters. For example, every sample from SGG contained alleles from cluster 6 with some samples having nearly 90% of their allelic makeup from this cluster. No samples from SGA and only three populations of SM had alleles from cluster 6, indicating considerable genetic differences between SGG and both SGA and SM. The levels of genetic diversity, coupled with its entomophilous outcrossing nature, suggest that gene flow both among populations and among species (introgression) is important in maintaining the heterozygosity of populations and/or species. Fragmentation or isolation of populations resulting from human activity could have a significant and abrupt negative effect on the adaptability and success of individual populations and/or species.
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